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(57) Abstract: 

PURPOSE: Provided is a cathode active material for a lithium secondary battery, which has improved thermal stability and 
contains a core containing a lithium compound and at least one metal oxide layer formed on the core. 

CONSTITUTION: The cathode active material contains the core containing the lithium compound represented by the formula: 
LixMn1-yM'yA2 and at least one metal oxide layer formed on the core, wherein the metal of the metal oxide layer is at least 
one metal selected from the group consisting of Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B, As, and Zr and the metal 
content is 0.001 -1wt% based on the cathode active material. And the cathode active material is produced by a process 
comprising the steps of: coating the lithium compound with a metal organic solution or a metal water solution; heat-treating 
the coated compound, wherein the coating and the heat-treating are performed one time or more. In the formula, x is more 
than 0.95 and less than 1 .1 , y is more than 0 and less than 0.5, M 1 is Al, Ni, Co, Cr, Fe, Mg, and etc., and A is O, F, S, and 
P. 
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£ 14 3 333 33°fl 4-2). H|H^ 121 3H <L3. *fl;££ e]f. ol s|. 333 ^^a] DSC (differential scann 
ing calorimetry) 343 443 SSfl = . 

£ 23 4 33°11 64 «U1 12] 33 o.s. elf- 34 334 44 4433 DSC 14* 443 aeji. 

£ 3a^ 13 ^ aljaofl H 44 3^3 s3 333 #33 14* 443 ^efls. 
£ 3bfe 33^1 13 5 »la«fl HI 44 3^3 a°J 3*121 ji-§- 433 344 443 ssfli. 
£ 4^ 33°!l 13 5{ u)jnofl lofl 44 ^3 523 333 33 s-34 343 aeflS. 
£ 5^ 33 "fl I3°fl 44 3a3 s3 3*121 ji-i- 33 141- 443 s 3b2l 43)£ 
£ 63 33 Cl ll 13 3 3^41 121 S9J 3*121 4333 44£S^ (CV)4 443 £4. 
£ 73 33 £i il 17 3 3h«i] i2i ^3 333 o.ic, 3 ic<133 433 334 443 seflH 
£83 33<>il 124 13 3 12) 34 3333 DSC 33341- 
£ 9tt 33 °11 194 «la-Nl 33 ^3 33°fl cfl3-43«°fl 4€- 44 334 £33 sells. 
£ 10-a- 33 i 184 wU^l 221 34 «-#3°)l 013 DSC 43 341- 443 £3. 
£ 113- 33^1 194 »U<^1 33 34 ti-3i 013 DSC 43 34* £33 £3. 
£ 12^ 33i 184 3H<i 23 34 443°11 013 4*3 4 DSC 43 14-i £33 £3. 
33^1 343 3 "3 
332] -5M 
3^3 44tt 34 3 s 3-4^1 t-E|)7|t- 
[3^3 3* 34] 

3 3^3 ell- 34 333 3 zl3 afla^^l 33 3 °-^3, 34 44l*l4lfe 33 3333 443 A 

4 34 334 33 333 3 ^3 *fls33°fl 33 334. 

[*efl 341 

34 34 33 tt 7V33^-S 34 333 3^1 3 334 7 r ir3 #34 34 3 44°-JS. aJ-§-^ji, 33 334 4^ 
43°fl 43 3*11*! Sir #33 3*fl°-'!4 4333 4^43, 34 333 34 3 44°113 3°d/333 n H3 34, 
33 34i 343 33 °fl33# 3334. 

b14 34 333 44 443^ 34 444 4443^4, 34 ^44 443 34 <ffl£43£ (dendrite) 3 33 
o.s. 33 33 34°11 3*11 43 3333 333 34 #4 013 333 3± £fe 333 3£ 43 3^3 43s. 
cM33 7\3. 34. 43, 3e3^ 3^3 433 444 44333 343 3^3 #33 £€-4 3443 S.^- s 
33 s333£(B0C)4 32:4s 34. 
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°<r4 4s34olH.(chalcogenide) 444°] 44SU Sl-°-3. ^ LiCoO 2 , LiMn 2 0 4 , LiNi0 2 , LiN 

ii-x Co x O 2 (0<x< l),LiMn0 2 43 43" 44 44#«ol 44SU Si 4. 43 44 4f-3 4 LiMn 2 0 4 , LiMnO 
2 43 MnTil 4434 4343.E <eU, 3*4 Mlaal 43°fl «fl4 33 «M°1 214 4337)^ 4 

4, 44°1 44tt 43* 7Ma Si 4. LiCoO 2 4^4 3?1 4£5l4 £4 33 34 444 34 434 S. 

°M. 43 Sony*} 434 43433 343:n. SItt cflfi^°J 44 443ol4, 7>3°1 Hl^-cf^- Si 
4. LiNi0 2 4 333 344 44 «#3 * 7}# 43 43, 7>4 44 43 443 33 44* 44^i Sl.o.4 4 

3434 0]b)£ fc^-fr o>i 5U4. 

4 433 44 4433.^r LiCo0 2 7> ^3. 4*43, 3e Sony°H A1 2 0 3 « 4 1 i-fl3 5 4=2% Co3 3 

4* A13. *144 LiCo,. x A1 X 0 2 * THIW-Sai 0 !. A& TB334 Sn0 2 « £343 Co3 344 Sn.S.3. 344 LiC 
o0 2 « 711445514. 

444 44 5 44 %#33- ^43 3f o]*> *l 512)133 4 #sfl43 44 3f °1* 33. 

3f ol* *eH 33 5 e]f *eH 333. 4-ff-4 4 Si 4. elf- 3* 334 ^33333. 443 #elH3.**/f- 
3313! if-i- 4444, ^sfl^s.^ e|#9joi 4SL33S 343 -8-71 -g-og* 4*44 33* 444. elf 
ol* *eH 33*r 3*1133. 444 Si0 2 *4 *el34el>ffl s^ej-o)^. t)19Js] f-sH 7I7M tf7l 43 -g-^# 4 
3 (impregnation) 3 3 3* 4*43, o] ^Sfl^o] *J| 3 5^1 ©1 3 3 34£ 4°-3, !£4 *|s|eiM3* 4*4 4-SUr 
&4. S£«. 3f #3°1 3*)^ ^Sfl^s. £44 elf o]£ s^-fr S0 2 333 ^7] £^ -n-7] a> 
■8-4^ 3*1* ««-4. 



^■71 ^f- <>w $z]e\ ^e)|s.^ , 4^, 3.9m 514. 3*1^ e|f- ol£ o)^ e|s # 

<H ^14^, *H2Hlole1# 4°J , 34 0 1 €e| * Ej-^OeUy-roll type) 3 ^1^4^, °1 

4 3*1 Jflol^ 0 ! 3«fl°-!i* ^Sl* 3*1* «*4. 4^ 3*1^ A <h7l ^-^S* 4^ 34 TlH^l ^ 

^2:^ 33* S9J^ ^d3fe ^7i q-j&^-i- S9J^ ^4 ^ol^-Hl i#44 4^ 33* ttb4. at*. 
?)]o]^2] Tjgo) u)-el- Ai 7fl^2| ?,H^ 4 "8"^ 344 4-f^l (pouch) 34s ^tf- ^ S14. 43fe 47| 

^x) ?floi^7> ii a^r Aisl «o.a »12:^ 3-°-S t4°l, 4-f 3 34^ «1^ U J|4 4* 4# 4^5. ol^<H 
3 1mm oH ^sl -frsl* 7fl3°fl 44 ^o) ^|3fc€ 333.3, 33^1 ?J 34°fl H l«fl 

4fe 33* t44. 



ol el^ elf- o)*> ^x]^ 2|e 34 37l7 r 3 ^^=4^°11 44 ^3 2-8-^, 34^ f-s| 33 443 43 °1 
-f^4 33* 7M44 flft °1t 1 7> 3^)^Ji Si4. 

t^ol o)f-n4 4^ 7l#aj 4*1 

£ ^-4^* «H147l fl« 3-°-S.4, ■& ft'S^ 43* 13 333°1 ^43 3# o|^ ^x]^- <g=^ § 

#3* 3^-4^ 3°14. 

■& u s ^si 4^ 43 3f °14 43-8- 44 «~&3s] 3^4^* 3^4^ 3°14. 
gigs] ^.^ ^ a]-^. 

43 42.3 -& 4343 34°!, 3f i44fe s3; 5 43 s3 4°11 44 °14 *§43£- 44 4 

4# 44 £44*r e|# o]x> 4434 3444. 

#71 e)f 0]^]- ^1-8- 44 443°fl s^s)^ 44 444 43 5.43 4 4^ 444 Mg, Ai, Co, K, Na, Ca, Si, 
Ti, Sn, V, Ge, Ga, B. As * ZrSL 4^o]^ jofl^ Ajajsj^ ^jo] 4^44, °H 43^14 34 °W4. 

■g- 4^s| elf o]^> ^1^. <3== %#^sl i4-Hl ^4=14 43 44 444 44 44 °143 444 4i Si 
4. £4 43 44 444 44 33. 4€- 44* 5.444 27fl o)^s] 44 ^43 4£ Si 4. 
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£ HL4 44 oi^j-a) ^* £44^ -fM -8-oJj ^-g-^iLS. elf- 441-I- 23 *U; #7l 44# 
* «*le1*Rr £«-4fc elf- °I4 3*1-8- <3^ aflatfsj-fr ^44. 

-3M ^ 1*leJ ^-^oflAi s>4 o|avs) ^.g. -R-^l Efe #7] el# 44§-l- £*Hi> 

S 231 3%. «*l3l*H 4# frMUS* ^rS. $14. 

<>1*V €■ 3* #4] 4*1 ^44. 

€■ 3# «1*> 3*1-8- 211- £44^ s°14 °1 a«H *H 44 °1# 44# 

#ilsL ^<]34. #71 44# o|# £#SHr 4^ ^£ Sa^l, ^* 44 £fe f- 

£44fe 4^ ^£ 5K4. 

£ 4^31 44 ol-f-fe elf- 44-§-3-tt *M 44^1 i ifl*] us. o)^^ ^ofl^ ^sItt o} 

#21 44#<?1 5jo| 4^-31^4. on- Eif-.^^e ^TflM-olH, eH-.^^-STimoiH, elfl-.u)^ §a 

Tflt+ois, £fe el#. . 4# ^STfl^HH 44i-<>l £ d 4434t1] 4-8-* ^ 5fl4. 

[444 l] 

Li x Mn[. y M' y A 2 
[44*1 2] 

Li x Mn!. y M' y 0 2 . z A* 
[44^ 3] 
Li x Mn 2 0 4 . z 
[444 4] 
Li x Mn 2 . y M' y A4 
[444 5] 
Li x M[. y M" y A 2 
[444 6] 
Li x M0 2 . z 
[444 7] 

Li x Ni,. y Co y 0 2 . z A z 
[444 8] 

LixN^.y.j Co y M" 2 Aa 
[444 9) 
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Li x Ni!. y . z Co y M" z 0 2 . a K 
10] 

Li x Ni!. y . z MriyM^A,, 
[3r*M 11] 

Li x Ni!. y . z MnyM' 2 0 2 . Q Aa 



(^■71 -iHH, 0.95 <x <■ 1.1, 0 ^0.5, 0 ^0.5, 0 < a < 2°]4 M4 Ni Sife Co°lJl, M'4 Al, Ni, Co, 

Cr, Fe. Mg, Sr, V, Sc, Y, La, Ce, Pr. Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, 

Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, 3? LrS. o].?.o]4 ^oflA] 4@>Sl4 44 o]^s) #±0)3., M " £ Al, Cr, M 

n, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd. Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, P 

u, Am, Cm, Bk, Cf, Es, Fm, Md, No, ^ LrS. o]-f.o]4 48] 5]^ 44 o]^s] #±0)^, A ^ 0 , F, S PS. 

°l-¥-<>14 4<HH 4^5|4 €£°14.) 



47| E]# 444 3 £4°ll 44 «>]^2] 44 4444 Mg, Al, Co, K, Na, Ca, Si, Ti, V, Ga, Ge, B, As 

3i ZrsL 01^.0^ 4°1H 4^3^ 44^1 444 <?] 5Jo) 44344. 

^■71 44 o]^ 44 444 f^iflfi] 44^] #4 >fl*H 2X 10- 5 tfl*l 1 44% <d ?H 4434^, 

0.001 1 44% °J $°} c] 44344. 

4 4^3 44 44^4 444*1 4.ov ilM 4.3Vfi] 34 «8fl4H 44°l7 r 1H4^ 34 43 44. 314 4 

4^ 44 44^4 41 4^7]- 230 C<>1 ^.9-3. 4i 414*1 44 <g2j °Y^^°] 4444. 

4 g14Mfe e]f- 4443 a^ -8-^ ^44 £44tt -3-71 4°-*! £^ 44 44^4 4444. 

47] 51<g -§-»» ^12^1 443 tt 44°- 3. r: -B-7] -g-nfl §ofl -§-«fl£]fe ^j-g- o]ie|4 ^£ Al~§-^ 4 0*0.4 a cfl . 
^]£ Mg, Al, Co, K. Na, Ca, Si, Ti, V, Sn, Ge, Ga, B, As £4 Zr°l 514. 

47) 44 -B-7] 4°-34 4#, 44 444°lH, 441, 44444 44 -B-71 4"M -§-«fl^l^ ^)ls*W4, °1 -&4§ 

* 44*13 *)l2:4 4 514. ^1 44 44°-*!4 441 £fe 444444 #ofl 4*fl*13 ^|£5}7]4, °l £44* 4 
f r A)?] *1)2:4 4 514. ^"71 -§-Dll £^ g-ofl 4*fl5]4 344 443 ^Hfl^ O) «.o>S) 4*H fi]^ ^Bjig 

4 514. «fl*f-«>1 3.44 £444 %-°A€r HB(OH) 2 . B 2 0 3 , H 3 BC>3^* -B"7] -g-D)l ^ -g-sflA^ 
514. 

^7| -§-°«^ ^-^f ^-71 ^la a] A>-g-7 r ^^ -8-71 -g-nfls.^ ^4^., o)i4^ £^ oi^=s.4*4 4* ° a v s*, 
«14, tssif, e)]S44°1S5.^4, "fltHl-s, il^! #s.4°ls, 4^)1- -f-°l 514. 

471 -8-71 -§-»«^ ^ °H44°1^, ^^r ofl^r^lH ^ fl^HS^-4°lH4 4^ a# 444°ls# 4a 
-§-«fl^^ ^-4 444 °1^ -§-^°l 4 4^°fl 4^-^47]) 4-8-4 -t 514. °ls]4 44 444°1h -8-°-?^ 

^]S., Si 444°1S Aldrich4°114 A 144^ tl|H4°1145-3-E4el7l| 0 lS(tetraethylorthosilicate) 4 

°A £4 4e|^ o mi- o)144°i] -§-«H4°i *H^4 ElS2}1i5.5E^2l?ll»l H ^.oPo] 014. 

47) 44 44°^ 4^] Af-g-^ 4 4^ ^4<S 44 444^1 cflS^4 °fl5.4 4S-4 44t-flolH 

(NH 4 (V0 3 ))4 44 4444^, 444 44^^(V 2 0 5 ) 4°) 514. 
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44 -8-71 S14 44 44°-S %7\S\^ 44, 44 oJ-a. A J.olc ^ 44444 2) 44 47) -g-^ 

£xr ^r-g-^ofl d^H 0.1 vfl^l 50 44%°14 C) 44347im 1 20 44%°14.47l ^4, 44 Qj-a-Aj-olH, 
^451 21^ ^4444 2) 4517)- 0.1 44%-5L4 40..3 -g-^ 47) -g-^J 3L^r 44 ^-§-^0.5. 5)4 4444 2^4 
^ Jl47> 444*1 &-°-4 4?1 ^4, ^-4 447HH., 444 SEfe -g"44442| ^£71- 50 44%» i£444 ^ 

U42) Jf4|7> U|4 4*)$)7) 44344 &4. 

o)2f £o] 7))s^l ^4 -B-71 -g-<* SE4 44 44^.°- 3. 5)4 44§-§- 2f) (encapsulation) 44. 

4?1 2«g 411 is] E) % $ , CVD (chemical Vapor Deposition) 3 , 3) 3 ^ (impregnation) °i <3 S% (dip coa 

ting)<a 4 2% ^-a- 4-g-t- t 5U4, 7>4 444 sussi 44*1 444 2«g -g-»-»°n 4^347} 4 

iflfe «3 4**rfc 34 44344. 



47) 2«g 43)4 44 °142) 444 £44tt *7l -g-°-» £fe 44^4 ^>-8-*H 47144 442) 2D4°fl 44 °1 

44 =4?o] £45)^4 4 4 514. £4 44 °142) 444 £44xr -8-71 4°J) Sl^r *)ll 44^3 l4 2<§ 
£ * ^el^ji, 44 ol^-oj ^4-4 £444 ^|2 -8-71 -g-dj SLtt *|2 'r-g-^ 24 2*D4 4 4*WH 244 
-§• 4i 514. 44 442) 4#4 S.44fe -8-71 -frq £4 <r-g-°J) ^H»S 3$ 44 2^ 5 **M*r 

4 ^4 444 2^)44 37fl 444 S)£S. ^ ^ 014 



44 -8-71 -8-^ 314 44 ^-M* 44 44 £444 2U 4 3] 4 4714 340114 4**rfc -g-°J)«4 4<S 4^)3 
£444 3)4 44344. 

2^ 43 ^#Slol. ^7.14 oi^ofl^ oj^gj 01 <g^£i ^ o. 200 vfl^l 800t:oll7i 

l ifl^l 20^1^} f-<?> ^^144. tH^ ^°J4 1^^ ^1^471 ^1«fl ^-71 <a^ei ^ia ^7l# t^^(f 

lowing) 2:?i 4°fl7i 51 ol 4#3)44. olnfl Qj^e) ^ £7> 2 00°C£L4 21)3 ^ -fr^l -g-°JJ £^ 

=4? ttqo) ^^451^1 6] flM ^1-8-4^ 21 # °l-&^ °l-§-°l ^^fl* «# 5U4. £4, £*1 

Bl ^-5.7} 800°C^-4 Sil'S 2l#^ ^ ^€ ^ 441" #^1 «=S£7> £4*1 Li + ^1 Ol^-ofl §7il7> 

5d4. 4*2f. A 14°l 47) $3* 9!<>14fe ^-f «IE elt^l §t ^ X-a^i =^ 44# #si ^^£7 r 
£4^ Li + si oi^-ofl g-7i]7> 5J4. 

471 l^el ^6.3. ^-^ -8-71 -g-^ £fe ^ ^r-g-^^l 44#s. 44€4. 444, ^ -8-7l -g-°Jj £^ 
^T-g- 0 ^* ^44°1 1^ 2^* 4^14 ^-f S4°fl AB 44i-(A4 Btt 44 Mg, Al, Co, K, Na, Ca, Si, Ti, S 
n, V, Ge, Ga, B, As S ZrS «>1^«H^1 5°fl4 ^SiSl 11 !, 7lS. ^-5i44 4°i# 0 l ^^5)°1, 2fl °14 2% 

^4^14 ^4-o)l^, S4^1 A44# ^4 <>1 B 44# # f-^1 4§ #°1 ^44. 

471 ^ o.S a4°H $4€, 4# 44* #21 l~100nra5j ^Jo] 44^4^, l~50nni5l 3 442)44. 

S-a°)l ^^4 444 4^1 f-^7r lnm d14o14, 4^ 44#s 2^4°11 4€- £471- nH44 ^.^ 7r lOOnm 
4 ^444. 2<g42l t^71- 44a!4^1 8*4. 

1*13* 444 ^°)4 A S^#4 vfloflAi 4 200 vfl^i soots. ^44 ^, rfl^l 4<L3 44*1 4^flfe, 4 44 

4^ (quenching) 4^4 4^14 $U. S M1«Q>H lOOt "l»jo £ ^44^ rfl7l 4-°-S. ^iflfe 4^ 4^ 

4 444 4£ 44. 4^ 4^4 4714 ^4 4^ #£4 0.5t/min °145J S°l 44^)44. 

4 t^-HH 7V44 elf- 4444 433.2.3. -8-4^^ 4444 ^ 5i2, £4 4^4 2)4 4444 4-g- 
4 4i 51-°-°), o)# 5)4 4444 ^44°) 7>44 4S. 514. 
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44 44 4444 4441£ 444 14. 44 441 S 441 & 14£r 444313. £444. ^ 33.1.03. 
fc 143 44?11 44 44 444 44 4414 4^t= tfl 444*r 34 444 3£ 441 4 flit, a 
4£31 4|3 44 4-4 Sell 4^, e|# oHeflolS, 44 44^444^ 44 441 4 Si 4. 44 -3-^1.2.3^ 1 
41. slHl. q^l 41 4414 441 ^ si 4. 44 W-go^ uj-^. oHNo)e nj-^v 4444^ f- 
* 4-8-1: 4 XU, 44 5L^-E<g _o S ^ ^^-e 5fo)cs.A>o] c q-o] e a) o| e £ ^ sfi 4iUil4s f-i- 

4-8-1 t 1-2.4, Mf'Si^ 44H444S.. qsg 44M5D4S £4 q^g <>Mffl 0 H 44 441 *r 514. 
44 q*S 141£ q*S14 4414 3-1 41i>-3. 1444 71121 34 4-8-% <r 14. 3-41.2-S. 441, at 
j=4 qil £^ qi 4414 411 4^1. 41 tl'S-S- 44 1441 4£ 44. 4 4^1 .2.3.^ 14 44 
£44=.. elf- #-?£44h ^oj A>-g-i ^ °) o.q, 44 41 £3^ 44 144=, 44 *I44h 44 4-8-$ <^ 
5SU. #71 11.2.3^ H 3 P0 4 » 441 4 44. 44 441, at£<g, q^l, q€ 444, 4^1. 41 3 41 
4 #71 444°i) 434fe 34 o>qq. 

«H, b!!^ 4414 «v-§~g; 4444 144, o)]^ 434., i-, a|$« -8-^D* «7}Sfa w\ 44 

<&o\Q nfl 4^1 (solvent -free) 443 ^444 £4 (mortar grinder mixing) 4 141 4^ 14. 



go^ £^-«-g- 1 400~600t 4£.°fl4 14444 §133 (semi crystalline) 4314 elf- 444 44*fl 41 

£ 4244. 144 4£.7f 400*C iL4 4.2.4 4414 1414 444 4444 &4fe *^^o] °jq. 44 14 
1*1 el ££7} 400riL4 4-2.4, elf- 14 ^414 444 4444 44. £4 1^el4°l ^la€ S-l* 
^24 ?1 afe <a^el 4^ * °fl ^7l# 1-5. <g (biowin g )4^4 44 t#4 ^It 1 ^ §-1* *fr*H 711*4 

(remixing) 4 51 Sl# <a* «^«r>H ^i44 ^£ 514. 



^°14 S 4^-^11 €-4^- 700-900^ ££3. fif 10-1544 -1-4 24 1*1444. 24 14el 700°C 
iL4 4^4 1^8# #4<^1 %#S14 °1el£ ^l^ol 44. -*4 1*1 el 3-^-8- 42 £fe 4S.%'4fe 2 
44°)14 1-5TC/S-4 **4°1 444^. 4 1*14 *£«*I4 13 44 *4 -B-44 * 44 ^44^ $±3. 
^1^44. 

olcHA-j, ell 44#2] §-l^ ^0,1^^ 7fl^ (remixing) 44 elf- 1* «14t11 €-i44 4i 44. 

»14 €■ 114 4*4* 14H1 4 *U4lt- 471144. ^44 444 44^1^ 114 4444 1 14411 « €■ 
11 °1 444 14 <>W 434^ 444. 

(»la<1 l) 

15 13°1 lOwnl LiCo0 2 414 =£4 P 44 £4711 ^ #44144 #^-5.44 h 444*94 : 3 : 34 144 
aWf N-°ill4#4^- *4|4| 444 44 1#1 #44* *H^444. 4 *44#Ai-il 4°fl ?»i14 
^ 4S4 ^ He)1144 s4 44-8- 44 44* ^2:444. 

Tflal 44 444 tfl^-^-S 44 ^4* 4-8-44 Ar- ^11 41 (purged) ti« 4^°fl4 si 414 44 44* *i| 
2444. 4nfl 4«H44 1M LiPF 6 7> -8-«fll°1114 4^14^4 4^11 4iL^114S4 *4 -8- D ll(l : l 444)4 S. 
§4*1144 4-8-444. 

2) 

44 441S. LiCo0 2 cfl^l Li,.o 3 Ni 069 Mno. 19 Co 0 ., Al 00 7 Mgo.07 0 2 (15 43: I0^m)lr 4-8-^ 34 7)144^1 

44 4H<fl 14 414 1-1.2.3. si 414 44 444 ^2:444. 
(4H041 3) 
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LiCo0 2 cfl^l LiNio.g Co 0 ., Sro.ooz 0 2 «tf °J3: lOjtan)* 4*$ ^ ?\}2)%}JL W h)H<^ l4 -f- 

4) 

LiCo0 2 cflAl LiMn 2 0 4 (^5 °J^: 20/ai)* 4-8-$ ^l^U^r #7l a]Z.<i 14 >$^<L3. 
S°J 4°^ ^ 3*1# ^434. 

(#*H 1) 

Al- o];hS5.iA>olH £££ ofl^ofl ^7>«)-^ 5 f^%3) Al- oliHS.^V^S -g-°J|* *l)2:455l4. 

^5 -a^ 0 ) 10/an°J LiCo0 2 §-^ 100g-§- #7] Al- °]±*Z^\°}£L -g-°J!°fl ^7>§>J1, SL^7}S. 4 10£7l *H ^<H 
#71 Al-ol^S.#A>o]c -g-°Jjo] LiCo0 2 ^^s1 £gofl Saf- SWI 4$4. #&|5l# ^ 

30£?i ^1 el 4 Al - °1 £ = 5.^-4°) h -g-<*-§- £eltV ^, Al- ol^HS^Hs. -g-^* ^7144 ^e)<?V 

4 200TC7)- £|<3 l^el-g- ^-7) f>0.3. ?|MH ^ ^]7J £ ^-71 ^<H1 fSl^ ^£7> #£o) g^-g 
£ * £#*H 33^ O-S. <#4 £t 4S.45S4. ol ^711 3)2:4 44 £t-§- 4-§-4°l «1 

14 «o V «^S. 5L?J 4°dsl 3*1# *ll2:42i4. 

(^*H 2) 

°J*l2l 300TC")1^ 500rs. <£34 3-1- *l3*Kafe #71 ^ -g-oj*}- 0.5. ^Als)-aj -jo) e}°)s1 

£4 3*11- ^^4°i4. 

(-^H 3) 

1*1 e) 300t;°IH 700"CS. <S34 AW^jl^ 4?1 i4 -g-9J4 b^o S ^Als>o^ ^01 El-ojo] 

312:434. 

(^*H 4) 

# A H) 1°1M 14 l^l^H 312:4 £*°Us- 44f-<>) X^°fl a^/H 4°j2l LtCo0 2 «-tf* 31^4 

oflliLS£^el?)lole -g-oji (Aldrich4)°fl ^ 24 s^* 4944. 24 a^S LiCoO 2 £-£* ^^Hl 

H 7l7«ja ^4 ^<atb »8-«a o.S -§-^4 ^^els. S-el^r ^, #elel^ 300t<Hl^ 10^1?i <S*WM ^^Ib- 
-a**<>l 14 £!H 24 -aeis 4^ t LiCoO 2 ^- D i* ^4°44. 

^l£€ 4^ # LiCo0 2 ^-t* °l-§-4<^ «Uofl 14 •S-9J^ : « 0 >^ a-?l 4°J2l ^^1# ^1S49J14. 

(^^Hl 5) 

^^Hl 2^1 «o v ^^S. ^l£€ 9j:^Dl^- #41- 0 1 a^°)l ^ol/^ El-ojfil LoCoOz-g-lMr 4-g-4a, <I^El 

# 300t°lH 700^3. ^^tb 3* ^214^ #71 ^AH) 421- -f-oj^ o.s #AlsM 4°J21 «Va ^^11- 

^2:4524 

(#*H 6) 
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321 *H2€ 94?-n]4 W§-°1 3<44 E)-<asl LiCoO 2 # *1"8-*K2. 3 

00TC<>fl>H 500t;S. 43* ?!-& ^Sl^Jl^ -8-71 4*H 44 41$ U-'fl^-S *H*H 3-91 44 *I*1# *ll2: 

434 

ea*H 7) 

Al-0l± = S.^4°]H 4°J° cfl-tH, Al-°l£H3.44°lS. EHeJo||i3 E Aje)?lo|e -g-^fi] ±t -8-°-$4 4 

4$ 34 *I*I*U4 4?1 -a ah 44 4^4 4^0. 3. 4H«H s<?] 4°J2l 44 4*14 ^as>^c}. 

(41 *H 8) 

Al-oli = S.^-A>o|c _g.oP cflAio)^ A1(N0 3 ) 3 1- 4°| $7HH *H^$ 5 44%2} 4-r- n l^ i+o)e^|o1e 40.fl.g- 4 
■fr* 3!- ^Wr^rr ^7] 14 4<£4 4^ SL5L 4*14°} S^l 4*321 ^40=14. 

(^A)oi) 9) 

Al-°)4iSS^Afo|c ^.oj. nfl4<4 A1(N0 3 ) 3 » l-i 344°} *)ls£ 5 #4%2l l-f-o^ 4o]B5llo)e 40B4 4 
44oL, 1*1 e) 4£# 300r<HH 500*CS >S34 3-§- ^il^sU^ 4?) 4aH 14 4^4 4"3.°3. ^1403 2°] 
4<ysl 44 4*1* *il2x4£4. 

(4*H 10) 

Al-°1^5.44<>lH W A1(N0 3 ) 3 # 4°f| $7]-*H 5 44%2} l-f^l* 4°m3MS 4034 a> 

-§-SU, <1^5l 300t<>1|Ai 700rs. £34 -*7l 14 4^4 4^.2.3. 4*14°! 2^1 

4°J2i 44 4*1* >fla«l-5a4. 

47] -gAH i~io 33 «lHofl ifil 4^-23. 34 ol4 €*1# 4.3V4*1 0.1C-4£2] 443 4#4$4. * 

3<>1 4fi£ 4*14 4i°)M 4, 44<hm $434 io mg 4 ^^4°1 A lss. 4-8-4314. 01 Aiai- 

<>144<*| 3"C/-&S) 4-£3. ?-7l 4371 4<HH 25 ifl*l 300t4*l ^4^4(PerkinHelmerCo.)4 *0#£ 
^ DSC (differential scanning calorimetry) isffl*M #4 1^ 4*<P3-§- ^^4^4. 

DSC 43£ 4€€ °<R 44^21 13 43^* 401471 ^«fl 4*1$ 3°14. ^43.03. elf- 0)4 
(safety) €■ ^ ^ 4*1 ^l?rM#°11 2]*H *!*9S)*r4 4*1 43 4^°1M1 *2S ^°1 ^ 

4^ #21 44s. al^. °M #^i€ ^121 t>^<Hl D l^l^ °j7 r S.Ai c^el 7^4 Sl^^l, **1 

4^-4 ©I t^sM Slfe ^^^si av-g-oii ^4 440] ^4 ^44 44^1 433 &4. °1^«- 
^4* «U a°J ^^1* ^ls4 ^, *^Ai7i u ,. x Co0 2 2] 4Efls. 4^ ^ °1 $3 

4Efl2i s-^^i tfl4 D sc 4^4^ -&£2f ^ ^"1 ?1 a 21 14* 4*£.s °1^» 

^^4 4 SI 4. 

°1#. LiCo0 2 # ^1» ^^4^, LiCoO Z Tr 4€ 4Efl°fl^ U,. x Co0 2 2l ^21 7H7fl 44. °1^4 4 
*l^r 44^471 #*1 M1421 -8r£7> 44^1^ ^, a4s4 14s)°l ^-4° 3.43 

4el€4. 43€ 4:tfe ^^1 ^4^1^ 4«ll^4 *4*>°1 ^^Pl- 444 4 Sl^ ^sil- a)1^4 7>4^ c »1 
ES. 4i 4«fl -&£4 °1°H2) 4144 ^1^1 2] 4^^* 43^1^ f-^-4 4 xl^-. 

£ 14 cfl 44 uih^i is! DSC 4^ 14°H, £• 2fe 4*H 64 wlHcfl 121 DSC ^ ^4°14. £ a.^ 
ol, 4 A 1 ^1 4^- ^1 4 214t:°J «J:«t|, «lHofl 14 41 ^r£7 r ^ 209'CS., <i*}<*] 42) 4^ ««-^°l «1 

Hi mtl 44 4<i 4S.4 4ji, 44t!: ^"S ?H^-* 7}*1 ££ 4^^°1 -r^rf-i- 1 °H, ^ A H1 4 

4 ulU 121 44 44aHl €«fl2fl44 ^4 0.006g o lSlJi, *^4-& i6imAh/g <: >lAi4. 

2.4. £ 2°fl 44h» 5J4 ^1. ^^Hl 621 41 234"C?lc11 44^, alsojl 14 225t: °^1 6°1 a lsi 

ia.4 4^- u il 44U1H.S- 1^ 4^^°1 3 4-^-1- 1 4 Si 4. 
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(•a*H 11) 

10 44%4 B 2 0 3 44i- 90 44%4 -g-SB^l^ 10 f*4%4 «**4°l£. 40114 s ^ _g.ojj£ A y 

44 34 *114SU #71 4*H 14 4<g4 tf'fl.S.S. -y^SM S<?1 4°d4 44 3*1* *I12:S>#4. 

(^^1 ofl 12) 

10 44%4 £L€- °H^H£. -8-°J!# 4^4 4-8-*U. ^ <a*l3 4i4 500ts 4 *I1442. 47l -a 
^1 ^1 14 41$ 'g-^^-S 4<a$ « 0 >^ 4*14°1 2<i! 4°d4 44 #*14 ;0)2:42i4. 

(^*H 13) 

10 44%4 ti.^ °fl44°lH 4°->!4 A>^-4i 3.^ ^ 1*)h} 700TCS St 34 *tl44^ #7l # 

*H 14 4Hi>-5- 414 43 4*14°1 s oj 44 ^^if- ^434. 

(#*H 14) 

10 44%4 B 2 0 3 44g- 90 44%4 ofl^iri °H44 0 lH 4°J]-g- ^£S}^cf. 3g4 o^o) 10^ L 

iCo0 2 44-|- #7} °H44°lH -g-^^r ol-g-4^ 4i*H H^2f #1$ 43 2fl 4H*M #4 
#o] LiCo0 2 414 ^12:45514. 

SL4 44-frol 14SU4 LiCoOz^lM- 1 ^*%4 A1-°14iHS.^-a].o1h. ol-g-4 0 } -8*H l°)H4 £1$ 

43^3. 4^-44 #4401 24 a<8€ a<H/€ 434 4^ # LiCo0 2 444 3^ 4^4. 

*|£€ 44 4 LiCo0 2 4H:4 <>1*«M 14 tf'fi.a.s. s°J 434 #4 #4* ^2:4^4. 

(1*H 15) 

l 44%4 £L€- ofl^HH -g- 0 -!j-g- -g-^o-s 4-8-tb 3* 7)144:2 #7i #ah 144 4°j4 ^ o. a s°] 4 
44 3*14 ^2:4214. 

ca*H i6) 

1 ^4%4 jl^ ofl^HH 4^4 -8-^ o.s 4-8-4*. # 1*13 500°cs. 4 4-fr *ll44:n. #7l 
-a*H 144 434 43-°3- 3.91 434 44 3*14 ^^4^4. 

(#ah 17) 

1 44%4 Ji^r Ofl^-AVOIE. 4°J]4 SUf) -g-^ O.S. 4-8-4^. 2»§ * 3*13 4£* 700tS 4 3* ^1^4^ #7| 

-a ah 144 s°l 4°d^ 4^ ^^1* ^124^4. 

4HH 134 2^1 4^4 ^ ^^1* °l-8-4^, 0.5C *4^1 4.3V-2.75VS1 *44* ^^14 

a 14* £ 3a«>l) 44M1SJ4. fl«H i^^^l LiCo0 2 » i^4fe «la<>1| 14 a 1 ?! 4°^ £ 
4 #7121 ^tf^ £AJ4SJ4. £ 3 a oflAi ^ 44 24 *H 134 44 #7)7} h|2.^1 14 u) 

4^ »M #44 44 4^°1 444-1- tt 3E4, 1C f-4# 4.3V-2.75V4 •S^'fl^i ^444 -a a] 

4 ^, a 14* £ 3b°)l 44^S14. £ 3b°lH 44 1C4 ji-fr ^4#°fl7l£ 4ahi 104 l-i-^^ 0)4 
4 #7i7> ulH^l H »i«h ## #44-8-^ 4^°1 n*W4. £ 3a4 £ 3bi i^i^ 4*13 44444 £ 4°H 
41) £44$4. ^^1^ 134 #7]7> Hlaofl H 4°l«°fl 4# -8-^ ^£ ° a v 5U4. 
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£ 3b4 ^ AH 130)1 4-E- 444 fujj-^ 444 4.QV ifl4 4.3VA><>HAi ^o] $o] # 

t£]5i 4 o]fl . ^44^ ^0)71 344 £ 3b4 444 444 44o)l 104 4444 £44^r 444 444 
444 4cfl5L* £ 5ofl 44^44. 444 444 >£<g£ 44 «*44 44°H 44 444 4^3- 4444. 4 
eltV A^* 4444 4441 1321 44 4*4* £444 44 44°i| q^H A}o|*3 *4°l]£5l ^* 

*H4£4 5 OV 2.5V4 H2H4 0.5mV/sec4 4£3 24 44*3 |E}£a^f £ 6°fl 44^14 

4 his* 41 44 4*114 £44344 &4 LiCo0 2 # 444 4^°H lfil 44 44°11 4<WS 444 2.44<>)14 
AH #3 |E}£a^i <24 £ 6«^l 4*11 £4444. £ 6°Hai jife 44 44 LiCoO 2 * £444 444 444 4 
#4 2.4 4421 iqa-jH 4#s|4 44 4441 io4 4*4* £444 444 444 444 £4 2tH4 4a7> 4 
4444. 4iH 4 4^4 *ah 13 ofl 44 423 «-*44 4444 ^2:447> ?J44* 44% 4 SI 4. 

*aH lyofl 44 *)12:4 S»4 44°fl tfl*H 4.3 ifl^l 2.75V21 44132H44 0 .1C4 ic 444 44* £7i£ 
A14SH. £ 7<H1A1£ 4.0V vfl4 4.3V4-44H 444 444 44 £344 44 444£4. 4 A H 17°fl 44 312: 
4 44 4*4£ 44 44<32H4 4444 °J444* 4144 4 44. 

4441 1-1021 24 444 ^£S, 444] n-172] 2°1 34* 4.3VS 444 4* 43.* 4^414 *l) 

sflsH 44* 44444. 444 44414 Ai-X<a 44] sl^sh xh 1*44* 4 lOmg 3£ *H444 910 D 

SC(TA Instrument** 4*44 DSC 444 44444. DSC 444 44 £444414 25~300"C4 *£ 

34414 3C/min4 ** ^711^44 44*r$!4. °W A d^Hl 124 132] ^ ^4# £ 8«fl £4*^4. 

^| LiCo0 2 ^-^°l 44 °142l ^4 ^-a>61hs 1*H3 «-S4 s>4 4^4 ^4 441- 

4 LiCo0 2 2l i^ofl ^A^o] LiCo0 2 2l ^2:4 4^4€ 53^5. *H4« ^ 5fl4. 4, LiCo0 2 2l £3 ^2 
7> 4^4 sH s4£4 44i2] ^^-oi «y-^«i)7]-fe %o_s. 4-444. £4, LiCo0 2 2l S4°ll Ai 2 0 3 , Si0 2 , B 2 0 3 4 

444 44 ^44590.3.4 *#44 4sfl°J142l 444 °1 ^^lsl^ 44 *4 44i44 

£S «H44 4 SZ4. 

«1ho(| 1 * ^ah 15-170)144 44 4444 £44tt 2000mAh 44^ 44 207H tfl*H °l£-§. 44 
4 a]^4 444 4iAH£ Him 444 7>444 444 44*4 *<4WSU. 4£4 4^4 150C<>114 444 
4£#4^ ^+ 444^ 4^>* 4^4?4Ji, 444 444 444 ICS. 4444 ^4 4^4* aA>444. 
zl ^4* 47I £ H 7l7i)444. 





1 


-a^H 15 


-a^n 16 


^^l 6 !] 17 




90% 


0% 


0% 


0% 




11* 


12* 


15* 


20* 


nr°-St ^ 


100% 


30% 


10% 


0% 



(44o)i is) 

elf - 444S LiCo0 2 tfl4 Li, 03 Nio.6 9 Mno. 19 C00.1 Al 0 0 7 Mgo. 07 0 2 (^§4 0 J^: 10^)4 1 44%4 iL4 °H4 
401c 0.3. s ^4 ^ 700°co)14 44e)4 514 314431 44 4aH 134 4°d4 s4 4°=14 44 

444 3la444. 



(4 aH 19) 

elf- 4443. LiCo0 2 fl)4 LiNi 09 Co 01 Sr 0002 0 2 10/an)* 1 44%4 iL4 WHH 4°Jl£S. 

4 ^ 700-C°fl4 914214 5J4 3144^1 44 4aH 134 4^4 «.a 24 4°d4 44 44* 312:434. 



(4 ah 20) 
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4 # LiCo0 2 tH4 Lm.03 Nio.69 Mno.19 Co 0 ., Al 00 7 Mgo.07 0 2 (4~5 $3: 10w)* 1 f^%4 3LZ °H4 

445- ^.aj 0.3. 3^^. Jf. 700TH4 4*l44 31144* #7] £*\<4 144 * o a4 4^3. 2<?] 4°d4 
44* *llS434. 

(44 °1] 21) 

44 4443. LiCo0 2 tfl4 LiNio.9 Co 0 .i Sro.002 0 2 (35 "33: 10/an)* 1 *4%4 AS °H444H -8-4.2.3. 
IV ^ 700 - C°l)4 4*144 51 -ft 3144:2 47] -a ah u4 4114 4^.2-3. s4 4°d4 ^ 44 # *112:444. 

(-a^H 22) 

el* 4443 LiCo0 2 cflAj LiNio. 9 Co 0 ., Sr 0 .oo 2 0 2 (44 0 J4 10/an)* 444 44 *l4*Kzfc #7l 44*11 154 

4°a4 4^.° 3 s<a 4^4 44 444 42:4534. 

(4*H1 23) 

44 4443 LiCo0 2 t)14 LiNio.g Co 0 ., Sr OO 02 0 2 0§4 °J4 10*»)4 444 44 *)144:a*r 4?1 4*H) 164 

■fyti- 4^.2.3 s4 4-<y4 ^i2i^sa4. 
(44 41 24) 

44 4443 LiCo0 2 tJI4 LiNio.g Co 0 ., Sr 0 . 00 2 0 2 (44 10/an)4 444 34 *1144^r 47l 174 
-§-<y$ ^ o.S S°! 4°J4 «m 444 31^444. 

(44 i 25) 

e^f- 44#3 LiCo0 2 t«4 LiMn 2 0 4 (*8* °J4 20^)4 444 ?!4 *H44jI4 W 44«fl 15^ 4°a4 4 1 ?} °-3 

(44 i 26) 

44 4443 LiCo0 2 tfl4 LiMn 2 0 4 (44 20*/m)» 444 34 *i)44:ii*r 47l ^a|c|| i 6 4 4H °-3 

(44°fl 27) 

44 4443 LiCo0 2 tfl4 LiMn 2 0 4 (44 °J4 20/ai)4 34 3)144:1* #7l ^H 174 0.3. 

391 4°J4 £^ 44# *1]2444. 

4441 18-27 ^ HlJZofl 2~44 4'3. 0 -3 *Hs£ 44<H1 cflSH 444-°-3 0.1C(l444), 0.2C (344#) . 0.5C 
(10444) 4 1C(6444) £43 Crate* 444444 4.3V-2.75V4 44'34 0 114 4444 4444 444 

4* 434524. 44 -S^H 194 »lsH 34 44°fl ^4 4-E- -8-* 444 £ 9°fl £4444. £ 9°M 

iLfe 44 -a^H 19 s ! ^44 »lsofl 3°fl wlsH -f 4°1# -g-^ ^4 ^^4* il^4. 

^7] ^Al<^l 184 193 3.91 ^14* 4.3V44 -f-^lt!: 4# ^-io|4 * . ^4°114 lOmgl: 

#14^ 4-8-4^4. 4 A]ac>f| cfls}<^ 910 DSC(TA Instrument4 *HfO* °1 ^-^l-^ 3^/^-21 ^7| ^> 

471 «H4 25 44 300'C44 DSC i««H ^4 4^4^ 4^4S4. 3E«4444 St* Li ,. 03 Ni 0 69 Mno. 19 
Co 0 ., Alo.07 0 2 »4-8-4 HlHcfl 24 S4^2l44 &* LiNio.g Co 0 ., Sr 0 . 00 2 0 2 # 4-8-4 4H«1| 34 2 

444-H1 (M*l£ DSC 444S14. 4^H 184 4^41 24 DSC 4^ 44fe -£ I0°fl 444 514. 4*H 
194 alHod 34 DSC 4^ 44^ i lH £444 514. 
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44 ^A)cfl i 8 u|2"l 2^ S°J 444 4.45V4*1 4444 44 ^e|A) «fl^?V ^, ^^o))a^ «-§-^°V 

lOmg-l: *fl#)44 44434. °1 *lS-* °l-g-4°l 3C/421 ^7l £^7) *WM 25 vfl*l 300^4*1 D 

SC ^4444. 444 ^ 4*H 184 H|iEo)l 2 51 DSC 4^1 44fe £ 12°)1 $14. 



£ lOi £*14 44 4<4 2S1 44slH^ 4 220TCo)l^ 31 444^4 4*H 182] 44 n *4 7121 ^ 

oil 444 3-°^ ^b)3# a.<>l*l #5*4. °134 Hluaofl 22] 44 %4*U4 4*H 183 44 444°1 444°1 
«4 4^4 34 44M)fe JjJoH, o|5L«e] a. gxgofl nj-^ ##^fil <a^j <434<>1 1* -f444 4 4 S14. 

ol&ltb «4tt 4*H 194 «U4I 321 dsc 4^44* £44 £ iH4£ 444 4 44. £4 444 * dsc # 

^ 144 £ 12SYE1 4*H] 1 8 4 B)HC41 221 »i<£ 31321 ^2j2l 3 x}7\ 4 ^Sfl^# 4 4 ojcf. x}u)t] ^)d\}o\} 

44 ^124 4*H 4-8-4 44 444£ 444 43 °j^-§- 7>44 3££ 4444. 



4 v ^2l jl4 

4*4 44 44 4 4^21 elf- oj*]- ^.g. ^ 444 #<>1 44 °14 £4 4 °14sl 444 £4 

4tt 444 4°1 i4°fl *84s|4 44°H 44 'i^ 4^4°1 ifl4 44*U 4*1 Aii«g<>iH<>i gg^ 1MM €■ <3 
44 °I^14e44^4 4 44. 

(57) 34^1 
^T 1 ^ 1. 

A 4 4444 £444 -£<4 5 

47) s<H 2)ofl ^a^s)^ g }4 oi ^si -g-^ a>44 4 

4 £444 el 4 °l 4 4*1 4 44 444 

^Il4°)l 4<H4. 471 e|# 444°1 47l 444 1 AA ll£ o]^o]^ #t»q^ ^ ^§oi 
014 444 44 444. 

[444 l] 

Li x Mn!. y M' y A 2 

[444 2] 

Li x Mn,. y M' y 0 2 . 2 \ 
[444 3] 
Li x Mn 2 0 4 . 2 Az 
[444 4] 
Li x Mn2. y M' y A4 
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5] 

Li x M,. y M" y A 2 
[3j-*H 6] 
Li x M0 2 . z A, 
7] 

Li x Ni!. y Co y 0 2 _ z 
[3j-*H 8] 

LixNi^y.j Co y M" z An 

[*wq 9] 

Li x Nii. y . z Co y M" 2 0 2 . a Aq 
10] 

Li x Ni!.y. 2 MnyM'jAa 
[SW 11] 

Li x Ni!. y . z MnyM' z 0 2 . a Aa 

(^7) -iHH, 0.95 ^ 1.1, 0 ^0.5, 0 ^0.5, 0 < a ^2°lul, M-fr Ni Hfe Co°1j1. M'-fr Al, Ni, Co, 
Cr, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, 
Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, ^ LrS. o]-¥-<H*! 5«H *m 0 HJ-3 M" * Al. Cr, M 

n, Fe, Mg, Sr. V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, P 
u. Am, Cm, Bk, Cf, Es, Fm, Md, No. % US 5<HH €^<>H, Afe O, F, S $ PS. 

°}^°]$. #q*\$: €4i°d.) 

3^8-3. 

4lWH 91°)*], W ^ ^ir# ^#S] cflsH 2x io " 5 1 e]# °1*V *d 

^I3^i ja°H. ^v}]2] ^s] °<R eH*H o.ooi i f^%°J e]# o]*]. 3*1 
•8- ^ 

5. 

*lli*<H Sl-H^i. ^71 #^ *o] f. o]^o| =^ m*\$= 3# 3*1-8- 
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3^ 6. 

*fll*J-°l) ^7) ^4? #aHfr %-\$<>\ ^4r& Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B, As ^ ZrS. 

elf- dM-ft S^-s}-^ S<H: ^ 

#7] J^oJI *M|3. S^SIfe 2711 ol^-S] =^ AV^-# i^-SKr S|fl- g^* 

*(|7*J<H] SH*L 3# *>7l j|-«H i ifl*l us. oi^^i $o|a) gsjslfe 5>«4 il^-s] ^#°J e]# 

[3l-*Hl l] 
Li x Mn,. y M' y A 2 
2] 

Li x Mn,. y M' y 0 2 . 2 A z 
[JJ-*M 3] 
Li x Mn 2 0 4 _ 2 A z 
4] 

Li x Mn 2 . y M'yAi 
[SJ-*M 5] 
Li x M,. y M" y A 2 
6] 

Li x M0 2 . 2 A, 
7] 

Li x Ni!. y Co y 0 2 . 2 Aj 
8] 

Li x Ni|. y . 2 Co y M" z Ao 
9] 
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Li x Nil - y - z Co y M" z 02- Q A<, 

io] 

Li x Ni!. y . z MriyM'jAo 
[S**M 11] 

Li x Ni i . y . j MnyM'^.o Aa 

(#71 q<^*\, o.95 i£ 1.1, 0 ^0.5, 0 ^0.5, 0 < a <.2°)3L, M-°r Ni Co°lal, M'£ Al, Ni, Co, 

Cr, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm. Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th. Pa, U, Np, 

Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, ^ LrS. A}?»5]fe 5>q- o^o] ^£o]ji, M " -8: Al, Cr, M 

n, Fe, Mg, Sr. V, Sc, Y, La. Ce. Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er. Tm. Yb. Lu. Ac, Th, Pa, U. Np. P 

u. Am, Cm, Bk, Cf, Es. Fm. Md. No. S LrS. °)^o]£ ^<q*\ ^ajs)^ ^ o]^ ^fcoH, A ^r O, F, S ^ PS. 

*07lM JfloH. ^71 ^ -Sir* #ifls] ^S] t^-g- fl-ggof t|]SH 2 x 10 " 5 M]*l 1 3]-& °l*r # 

37*8- 10. 

*)l9^°fl 5fl<>H, ^71 ^ ^# f^fls] ^#s] «8=^ »«^°11 tfl^H 0.001 ifl*l l f^%°J e]-§ °]^t- *d*l 

^T 1 * 11. 

^I7^"°fl 51 ©H, -S-71 -g-^ f-iflS] Mg, Al, Co, K, Na, Ca, Si, Ti. Sn. V. Ge, Ga, B, As % ZrS. °\ 

^T 1 ^ 12. 

*ll7^4| Sl^H, ^71 ^ tfSH- #o] !■ £t*rfe e)# o]*l- ^xl-g. ^#;g. 

3^ 13. 

^7) S^M-I- 1*]3lSr*r #7fl 

^7] s.^ 55 i^s] lij o]tf *}A]*Hr e]# o]^> ^x]^- <$= *#^s] xiatfh'a. 
14. 
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1X°)*\, ^7) e|-g- 3^#o] 5f7l i ifl*l ns. 5°fl^i -S^tt «m ^l-o] 5]# 

[#*H 1] 

Li x Mni. y M' y A2 
2] 

LixMn^y M' y 0 2 . z 
3] 

Li x Mn20 4 . 2 A, 
4] 

Li x Mn2. y M'yA^ 
[$«M 5] 
Li x Mi. y M" y A 2 
6] 

Li x M0 2 . z A, 
7] 

Li x Ni!. y Co y 0 2 . z A. 
8] 

Li x Ni!. y . z Co y M" z Aa 
[$*H 9] 

LixNi!. y . z Co y M" z 0 2 . a A,, 
[$*M 10] 

Li x Nii. y . z MnyM' z Ao 
11] 

Li x Ni!. y . z MriyM' z 0 2 . a Ao 

i)i>H, 0.95 ^ 1.1, 0 <: y <0.5, 0 ^0.5, 0 < a <2 0 li, M£ Ni Sfe Co^i, M'£ Al, Ni, Co, 
Cr, Fe, Mg. Sr, V. Sc, Y, La, Ce. Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho. Er. Tm, Yb, Lu, Ac, Th, Pa, U, Np, 
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Pu, Am, Cm, Bk, Cf, Es, Fm. Md, No, ^ Lr5. o]^o]^ ^o\]x\ ^&s\^ c]^$] %±o}jl, M" -fr Al, Cr, M 

n, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tra, Yb, Lu, Ac, Th, Pa, U, Np, P 

u. Am, Cm. Bk. Cf. Es. Fm, Md, No, ^ LrS. 0)^0]^ ^o|)^ Aj@jS]-& *M °1#3 Q±°}*\, A-& 0, F, S £ PS. 

$7--% 15. 

^1113^1 5a°H. #7l ^ -S-71 -§- 0 -^ SL^ #4? =r-g-°-W 9* 3Lfe #3}-#S] 

^ 0.1 50 ^%°J 3# °1*1- *U]-g- -9== %#^fi] 2112^. 

^T 1 * 16. 

^]15*J-°11 5Sl»H, #71 #<*r -g-°J] SL^r ^-g-«"vfl^ ^ ^^HH, £^ ^ ###21 

^ 1 ifl^l 20 ^%°J S|# 3*1-8- 

17. 

*tl 131M #7l -g-^ -n-71 -g-°-» JE^r ^ ^r-g-^°l Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B, As ^ 

^T 1 ^" 18. 

*Hl3^°fl Sl^H, #7l -g-^ -JM *eJ| afe ^-g- 0 JH # °1#2] £^-SKr 3°J e]fl- ol*} #*)-g- # 

19. 

*l]13#»ll Si^H, #71 <gx\a) ^£ 200 tfl^l 800°C<HH 1 ^} 20-*l7l ##*Rr 3J°J &lf- °1*V 3*l-§- 
20. 

*lll3%°l] #71 1^51 ^£ £2: ^7l» g-^H^ ^Alc>^ ?J 0 J 3f- Ol*} Xlxl-g- ^ %#^S1 

21. 

*lli3#»fl 5iH*l. #71 ^la^o] =4? -b-71 -g-oJi si^r # 7 1 elf- s^t-* i^v a^s>^ <2tf| : 

l*> 3*83 al # 1*1- ell- ^#21 s^ofl jq j =4? *§#*Hr tt; 

#71 4 1 ^4? #^-# #ol e)fl- 3j-^-g.g- ^ -B-71 W £fe 2*} i^sRr ^741; ^ 

#71 2%\ 3.^ sl# ^#-a- 2^V ^^el^fe ^Tfl 

#71 *lll ^ ^ ^°11 ^2 ^ #3j-# ^#«l-fe ^ #^1^ elfl- 01*1- 3*1 .g- 

21 ^2:^. 
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22. 

*lll3*<Hl 5!l°H. -*7| ^S^^ -8-71 ^-o-!} ^-8-^ 0.3. a^fe ?3 ^ t*|el*Hr 33 °1 
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